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© A thrombin preparation. 



© A thrombin preparation which has enhanced stability is disclosed. In addition to the thrombin, the preparation 
comprises a buffer in an amount sufficient to stabilise the thrombin and to buffer the preparation at a pH in the 
range of from 5.0 to 8.0. The preparation may also include saline and a poiyol/poryaikylene potyol. 
A method for making the preparation is also disclosed. 
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A tfflWMWH PHEPARATTPW 

Thrombin, a proteolytic onzyme. is essontiel for hemostasia. It is a principal reagent in the formation of 
blood clots via fibrin production. Due to its effectiveness as a c totting aid. thrombin and its preparations are 
useful during surgical procedures to control bleeding. White dry thrombin is available, liquid preparations 
are generally preferred due to handling and time considerations. 
5 Until now. no highly stable liquid thrombin preparation which is both storage stable and ready for use 

during surgery has been available. This is because thrombin, when dissolved In water or saline alone, 
rapidly loses its activity due to de natural on and autolysis of the thrombin protein. 

It has been discovered that sterile, storage-stable thrombin preparations can be prepared by adding to 
thrombin, in a suitable medium, a stabilizing quantity of a buffer. Optionally, saline and one or mora poryo* 
ro stabilizers can also be employed. 

In a preferred embodiment a solution containing 10C0 U/ml (units per miffilrtre) Parka-Oavia thrombin *n 
0.9% NsCl solution containing 25% (w/v) gtyceroJ and 0.05 M sodium acetate buffer, pH 5.0, was prepared. 
This solution, after stcrago at room temperature for 39 days, had a dotting time of 14 seconds whan 
measured on a fibrorneter, which represents a retention of 70% of its original activity. A freshly p ia p aiad 
T5 solution of the same compo si tion had a clotting time of 10 seconds. The "unit" ia a il—vifrd amount 
recognised in the art and relates to the quantity of blood which Is clotted the by preparation. 

The thrombin preparations and methods of the invention have several advantages over conventional 
proportions and methods for assisting in blood clotting. 

Unlike powdered preparations, the use of the preparation of the instant invention requires no recorv 
20 stitution before use. Thus, measuring, mixing, sterilizing, etc. of one or more components or containers are 
not necessary. The preparations of the present invention can be used with only minimal sterilization. 

Furthermore, the stability of the thrombin containing preparations is so high that the need for stock 
inventories and/or rotation of products is largely eliminated. Unlike most sattne-or water-sol u tion * of 
thrombin, which are stable for onry about 1 week at 4*C. the instant preparations are designed to be stable 
as: at normal refrigera ti on temperatures (i.e.. about 4*0) for 6 months or more. 

It is known .that high concentrations or glycerol, sucrose, and other poryols can stabilze protein* in 
solution. In the ccse of thrombin, it is known that a glycerol concentration of 67% can greatly staMz* a 
10C0 u/ml thrombin solution. However, the use of high glycerol concentrations Is not poetical In the large 
scab manufacture of a sterile thrombin solution because of tho high viscosity of such a preparation. 
x According to a first aspect of the present invention, there is provided a preparation compr isin g thrombin and 
having en enhanced stability, 

criarecterizod in that the preparation also includes a buffer present in an amount sufficient to stabilise the 
thrombin end to buffer the preparation at a pH in the range of from 5.0 to 8.0. 

According to a second aspect of the present invention there is provided a haemostat for uaa a* a 
33 wound dressing, the hemostat comprising a preparation in accordance with the first aspect of the present 
invention and a substrate. 

According to a third aspect of the present invention, there is provided a method for manufacturing a 
thrombin preparation having enhanced stability, said process comprising, combining thrombin with a 
quantity of a buffer sufficient to stabilise the thrombin and to buffer the preparation at a pH in the range of 

40 from 5.0 to 8.0. 

The preparations made in accordance with the present invention must contain, in a liquid medium, 
thrombin and one or more buffers. They may contain saline, polyols and other substances conventionally 

employed in thrombin preparations. 

While the term "preparations* is employed, it should be noted that ail types of formulations in which 
45 thrombin is substantially solubilized, or in a highly dispersed form, and is present in combination with we 
or more buffors are contemplated. 

In general liquid preparations are preferred, and solutions in which the thrombin is solubilized are highly 
preferred. When a liquid formulation is made, it is generally preferred that the or each focvent or other 
diluert 3mployed be sufficiently miscibie with thrombin such that production standards e g iWformfty of 

~KeT*K- hHNl-uAv . ^jniaina. ■ eoaitjon ;u tnromcxri, ^xj% iw/wi glycerine. ^^}% CaO*2HtO ana 
s 5% NaU. THROMB05TAT* is suppued m viais containing 5000 units, 10000 units and 20000 units. 
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Thrombin is known to be soluble in physiological saline -i.e.. a solution containing 0.9% Nad in water. 
Hcwovcr, saJtne solutions with higher concentrations are contemplated as useful herein. Furthermore, the 
replacement of ail or part of the NaCI in such solutions with one or more other suitable salts It 

contemplated. 

6 Wcter is a preferred medium for the preparations of the invention. However, the use of one or more 

other diluents which do not adversely affect the solubility and/or stability of thrombin in the subject 
preparations can be employed. 

One such diluent is glycerol. Glycerol and other polyols. such as potyakiylene glycols and preferably 
polyethylene glycols, are typical Ingredients in many commercial thrcrr.b-n-based products. Other useful 

to polyols include mannitol. sorbitol sucrose, glucose, and the like. Mixtures are operable. 

The buffer employed in the preparations of the present invention is prepared In the final aqueous 
formulation, and before the formulation is mixed with the thrombin. For instance, in order to prepare a 
formulation buffered at pH 5.3 with acetate and containing 25% glycerol in 0.0% Nad, the grycerol- 
contcintng saline is first prepared, and the required amount of acetic acid is added. The pH is then adjusted 

75 to 5.3 with a strong sodium hydroxide solution. 

Alternatively, the buffer can be prepared by adding soaium acetate and adjusting the pH with a strong 
acid, or, thirdly, the buffer can be prepared by adding acetic acid and sodium acetate in a mole ratio 
caicuistcd to produce the desired pH. 

Sufttbfs buffer systems are those whose aqueous solutions will maintain the pH of the final thrombin 

20 sohrtton twtwecn 5.0 and 8.0. wrth a preferred pH range of 5.0 to 6.0 and a highly preferred range of 5.3 to 
5.7. Useful buffer systems include acetate, succinate, bicarbonate, imidazole, THIS, and zwttterionic buffers 
described by N.E. Good and S. Izawa, in Mjatoada ia Enzvmol . 24. Part B. 53 (1972): and W.F. Ferguson. 
KJ. Braunschweiger. W.R. Braunschweigor, J.R. Smith, J. McCormick, C.C. Wasmann, N.P. Jarvis. D.H. Bell 
and N.E. Good in AqsL Biocrram. 124. 300 (1980). 

» Suitable reagents for use in the buffer systems include MES. ACES, BES, MOPS. TE8, HEPES and the 
Hke. Phosphate can only be used when calcium ion is absent or in the presence of EDTA. Mixtures of such 
reagents can be employed. 

Useful buffer systems also include acetic acid-sodium acetate, acetic acid-potassium acetate, bicar- 
bonate, succinate, imidazole, and TRIS sate. Sodium acetate/acetic acid is a preferred reagent Mixtures 

30 are oporcto. 

The buffers will be present in the buffer solution, along wrrh water and/or other suitable diluent *t total 
concwtralions of from 0.01 M to 1M. preferably from 0.02 to 0.2M- 

The use of various other conventional additives, e.g.. antioxidants, colourants, surfactants, and the Hke, 
is also contemplated. Lysine and/or other amino acids may be employed as optional ingredients. 
m In general, the concentration ranges for the ingredients discussed above will be within the limits set out 
in Table 1. Percentages are based on total composition weight 



Table 1 
Weight Percentage 
Ingredient Broad Preferred Highly 

Preferred 

Thrombin 1 0-1 0000 50-5000 1 00-1 000 

units/ml 

Buffer solution .0.01-1.0 0.02-0.2 0.05-0.10 



so 

(M) 
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Hemostatic materials, such as GELFOAM, SURGICAL and AVICEL which are presently used alone or 
in combination with thrombin powder or thrombin in saiine, can be effectively used with the stabilized 
thrombin solution of the present invention. The stabilized solution can be absorbed onto the hemostatic 
agent and the wet pad can be packaged in a sterile manner. 

Antimicrobial or antibiotic agents can be incorporated into such pads, specially for use on burn 
patients, whore prevention of infection is critical. In addition, surfactants and salts other than NaCl can be 
employed. When one or more of such additives are present, their concentrations are generally within the 
ranges set out in Table II. 

Table II 
Weight Percentage 
Additive Broad Preferred Highly 

Preferred 



Surfactants 


0-2 


0-0.5 


0-0.2 


Antioxidants 


0-1 


0-0.2 


0-0.1 


Antimicrobials 


0-1 


0-0.2 


0-0.1 


Other Additives 








e.g. salts 


0-5 


0-3 


0-1 



One type of bandage suitable in the preparation of coagulants in accordance with the invention is set 
forth in U.S. Patent 4.363,319. 



Productio n of Thrombin Preparations 

The thrombin formulations made in accordance with the present invention are made by conventional 
processing techniques. The use of particular devices for mixing, adding, etc. should not be regarded a* a 

limitation. 

The order of addition of the ingredients is believed to be critical, and it is generally preferred that ail the 
as ingredients except thrombin be mixed first, and the pH adjusted to 5.0, before addition of thrombin- 
containing powder. 



SAMPLES 

40 

The following ic an example of a preferred formulation. Sodium chloride, 0.9g. and glycerol* 25.0g, are 
dissolved in approximately 75m( of distilled, doionized water. To this solution is added 0.29 ml of glacial 
acetic acid. The mixture is diluted to approximately 90ml and the pH is adjusted to 5.0 with 5fl sodium 
hydroxide. The volume of the solution is then brought to exactly 100ml by addition of distilled, deionized 

45 water. To prepare, for example, a 1000 unit/ml thrombin solution. 20ml of buffered formula are added to a 
vial containing 20000 units of thrombin in THROMBOSTAT powder, or 10ml of buffered formula are added 
to a vial containing 10000 units of thrombin, or 5.0ml of buffered formula are added to 5000 units of 
thrombin. The thrombin solution is shaken gently or otherwise agitated to dissolve the THROMBOSTAT 
powdor, and the solution is stored at 4 # C until ready for use. 

so Table 111 beiow shows levels of thrombin activity remaining in thrombin solutions after storage at various 

temperatures. It is clear that the presence of a Duffer significantly enhances the storage stability of thrombin 
preparations. 
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T able III 

Percentage of Original Thrombin Activity 
After Storage at Various Temperatures 
5 Temp (Storage Temp (Storage 

Time) 37°C Time) 25°C 

Composition (11 days) (41 days) 

10 THROMBIN (1 500 units/ml 0 0 

0.9% saline 
pH 6.80 

T5 THROMBIN (1500 units/ml 26 15 

25% (v/v) glycerol 
0.9% NaCl 
pH 6.80 

20 THROMBIN (1500 units/ml 68 71 

25% w/w glycerol 
0.9% NaCl, G.05M acetate 
buffer 
pH 5.13 

The thrombin activity levels were determined by measurement of clotting time on a BBL fibrometer. 
The source of fibrinogen */as pooled human plasma diluted 1:1 with 0.9% saline. The thrombin solution was 

30 diluted 200-fold with 0.5% polyethylene glycol 8000 in imidazole buffered saline. Into a coagulation cup was 
added 0.2ml of diluted plasma. This was kept at 37 # C for 3 minutes, and to this solution was added 0.1ml 
of diluted thrombin solution, which had also been kept at 37'C for 3 minutes. Clotting time was determined 
directly from the fibrometer reading. The number of thrombin units/ml remaining was determined w a 
standard curve of thrombin concentration vs. clotting time. 

as The data Table IV show that, while unbuffered solutions containing glycerol in saline provide some 
stability to low levels of solubilized thrombin, high levels of solubilized thrombin cannot be sterilized. In 
contract the degrees of stabilization of both low and high concentrations of thrombin in the buffered 
composition of the present invention are approximately the same, and are much greater than that provided 
by glycerol alone. 



45 



50 
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TABLE IV 

Percentage of original activity of various 
concentrations of solubilized thrombin after 
storage at 37°C for 2 weeks 

THROMBIN CONCENTRATION (UNITS/ML) 



Composition 250 
THROMBIN 

25% (w/w) 50 

glycerol 

0.9% NaCl 

pH 6.8 

THROMBIN 

25% (w/w) 70-80 

glycerol 

0.9% NaCl 

0 . 05M acetate 

buffer pH 5.1 



500 



30-40 



1000 



<30 



70-80 



70-80 



Claims 

Claims for the following Contracting States : BE, CH, DE, FR 6B, IT, U. LU. NL and SE 

1. A preparation comprising thrombin and having an enhanced stability, chvacterized in that the 
preparation also includes a buffer present in an amount sufficient to stabilise the thrombin and to buffer the 
preparation at a pH in the range of from 5.0 to 8.0. 

2. A preparation according to Claim 7, which is buffered at a pH in the range o( from 5.0 to 6.0, 
preferably at a pH of about 5.3. 

3. A preparation according to Claim 1 to 2, further comprising saline and at least one poryhydroxy 
stabilizer. ^ 

4. A preparation according to Claim 3, wherein the stabilizer is chosen from C*u poryots, polyethylene 
poiyols having molecular weights in the range of from 200 to 8000 and mixtures thereof. 

5. A preparation according to any preceding Claim, wherein the buffer is an acetate buffer. 

6. A hemeostat, for use as a wound dressing, comprising a preparation according to any preceding 
claim and a substrate. 

7. A method for manufacturing a thrombin preparation having enhanced stability, which method 
comprises, combining thrombin with a quantity of a buffer sufficient to stabilise the thrombin and to buffer 
the preparation at a pH in the range of from 5.0 to 8.0. 

8. A method according to Claim 7, wherein the preparation is buffered at a pH in the range of from 5.0 
to 6.0, preferably at a pH of about 5.3. 



Claims for the following Contracting State : AT, ES and GR 



o ^eoarauon a; a 



range oi from t> 0 to o.w 



6 



0 221 700 



2. A method according to Claim 7. wherein the preparation is buffered at a pH in the range of from 5.0 
to 6.0, preferably at a pH of about 5.3. 

3. A method according to Claim 1 to 2, comprising further combining the thrombin buffer with taine 
and at least one polyhydroxy stabilizer. 

4. A method according to Claim 3. wherein the stabilizer is chosen from C*i 2 poryois, pory ethylene 
polyols having molecular weights in the range of from 200 to 8000 and mixtures thereof. 

5. A method according to any preceding Claim, wherein the buffer is an acetate buffer. 

6. A hemeostat for use as a wound dressing, comprising a preparation prepared by a method as 
claimed in any preceding claim and a substrate. 



